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Description 

Patch Antenna Utilizing a Polymer 

Dielectric Layer 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] This invention relates generally to antennas, and more 
specifically to the structure and assembly of a patch an- 
tenna utilizing a polymer plastic dielectric layer providing 
a reasonable sized antenna at a substantially reduced 
cost. 

[0003] 2. Description of the Prior Art 

[0004] a conventional patch antenna in its simplest form is made 
of a rectangular conductive radiating element overlapping 
and approximately parallel with a conductive ground 
plate. A dielectric layer, or element, separates the radiat- 
ing element from the ground plate. A basic structure of a 
typical patch antenna is shown in Fig.l. The patch an- 
tenna 10 is assembled with the dielectric layer 



15sandwiched between the radiating element 12 and the 
ground plate 17. 
[0005] As is well known in the art, many of the properties of a 
patch antenna, specifically including size and cost, de- 
pend to a great degree upon the composition of the di- 
electric layer. Besides the cost of the dielectric layer itself, 
the dielectric constant of the dielectric layer directly af- 
fects the dimensions of the distributed circuit compo- 
nents. At one extreme, air can be considered the dielectric 
layer. Air is obviously quite inexpensive, however air's low 
dielectric constant of 1.0 requires a relatively large-sized 
radiating element, which is not desirable in today's world 
of increasing miniaturization. Near the opposite extreme 
of commonly used dielectric layers, ceramic's dielectric 
constant of 7.0-10.0 permits a relatively small-sized radi- 
ating element, with a downside of a markedly increased 
cost. 

[0006] wide varieties of other materials are available for use as a 
dielectric layer. Some other common dielectric layer ex- 
amples include foam and high frequency printed circuit 
boards (PCB). The use of a PCB as the dielectric layer per- 
mits a relatively small sized antenna, but is quite expen- 
sive. Foam is quite inexpensive, but requires a much 



larger antenna due to its low dielectric constant. Addition- 
ally, extreme changes in temperature make some materi- 
als unacceptable because temperature changes may break 
or alter bonding between the relative components or 
damage the assembled antenna. Thus, manufacture, as- 
sembly, and reliability considerations frequently far out- 
weigh any potential saving achieved by the choice of an 
inexpensive material having a relatively high dielectric 

constant. 
Summary of Invention 

[0007] it is therefore a primary objective of the claimed invention 
to disclose a patch antenna that provides a reasonable 
sized antenna, at a reduced cost, and with increased 
durability and reliability. 

[0008] a patch antenna according to the claimed invention in- 
cludes a metallic radiating element, a metallic ground 
plate, and a polymer plastic dielectric layer sandwiched 
between the radiating element and the ground plate. Ad- 
hesive layers, possibly double side tape, respectively ad- 
here the radiating element to one side of the dielectric 
layer and the ground plate to the other side of the dielec- 
tric layer. 

[0009] Another patch antenna according to the claimed invention 



includes the metallic radiating element, the metallic 
ground plate, and the polymer plastic dielectric layer 
sandwiched between the radiating element and the 
ground plate. This antenna also has priming layers includ- 
ing polymeric surfactants applied to two sides of the di- 
electric layer and the adhesive layer compressed between 
the one of the priming layers and the radiating element 
and also between the other priming layer and the ground 
plate. A low noise amplifier may be integrated with the 
antenna by electrically connecting their ground plates to- 
gether and connecting the amplifier's signal trace to the 
radiating element via a conductor pin. 
[0010] a claimed method for constructing a patch antenna in- 
cludes applying adhesive layers to an appropriate side of 
both the radiating element and the ground plate. Top and 
bottom surfaces of the polymer plastic dielectric layer are 
primed with polymeric surfactants. The radiating element 
is fixed to the dielectric layer by compressing the adhesive 
layer applied to the radiating element between the radiat- 
ing element and the priming layer applied to the top sur- 
face of the dielectric layer. The ground plate is fixed to 
the dielectric layer by compressing the adhesive layer ap- 
plied to the ground plate between the ground plate and 



the priming layer applied to the bottom surface of the di- 
electric layer. A low noise amplifier may be integrated with 
the antenna by sharing the common ground plate and 
connecting the amplifier's signal trace to the radiating el- 
ement via a conductor pin. 

[0011] The claimed invention uses a polymer plastic dielectric 

layer primed with an application of polymeric surfactants 
to provide improved adhesion of the adhesive layer to the 
dielectric layer after assembly. As a result, the present in- 
vention provides a reasonable sized antenna, at a reduced 
cost, and with increased reliability. 

[0012] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

embodiments, which are illustrated in the various figures 

and drawings. 
Brief Description of Drawings 

[0013] pig.l is an illustration of the basic components of a prior 

art patch antenna. 
[0014] pig. 2 is an illustration of a patch antenna according to the 

present invention. 
[0015] pig. 3 is a top view of the patch antenna of Fig. 2. 



[0016] pig. 4 is a bottom view of the patch antenna of Fig. 2. 

[0017] pig. 5 is an illustration of another patch antenna according 
to the present invention. 

[0018] Fig. 6 is an illustration of another patch antenna according 
to the present invention. 

[0019] Fig. 7 is a flow chart of assembly of a patch antenna ac- 
cording to the present invention. 
Detailed Description 

[0020] a patch antenna 100 according to the present invention 
comprises a radiating element 112, a ground plate 117, 
and a dielectric layer 115 sandwiched between the radiat- 
ing element 112 and the ground plate 117 as shown in 
Figs. 2-4. 

[0021] The radiating element 112 preferably comprises a flat 
metallic plate, sheet, or layer somewhat rectangular in 
shape. As is known in the art, it is possible to improve 
gain by altering the shape of the radiating element 112 
and/or other elements of the antenna 100 and as such, 
the scope of the present invention is not intended to be 
limited to any specific shape of any of the antenna's com- 
ponents. 

[0022] The ground plate 117 also preferably comprises a some- 



what rectangular, flat metallic plate, sheet, or layer and is 
located so that planes formed by the radiating element 
112 and the ground plate 117 are approximately parallel 
and overlapping as shown in Figs. 2-4. The ground plate 
117 may be attached to a printed circuit board or other 
substrate allowing thinning of the ground plate 117 with- 
out compromising strength and allowing easy integration 
of required circuitry into the patch antenna 100. 
[0023] As previously stated, the choice of material for the dielec- 
tric layer 115 has a marked effect on the size, efficiency, 
durability, and cost of the antenna 100. According to the 
present invention, efficiency and durability can be maxi- 
mized while minimizing cost in a reasonable sized patch 
antenna 100 by utilizing a polymer plastic as the dielectric 
layer 115. Forms of polymer plastic considered suitable 
include but are not limited to Polyethylene (PE), 
Polypropylene (PP), Polystyrene (PS), Polyisobutylene (PIB), 
Polybutylene (PB), polybutadiene (BR), Teflon, Acrylonitrile 
/ Butadiene / Styrene (ABS), Acrylonitrile / Ethylene- 
Propylenediene / Styrene (AES), Acrylonitrile / Styrene / 
Acrylate (ASA), Polyurethane (PU), and Polycarbonate (PC). 
Although nearly any polymer plastic may be suitable for 
use as a dielectric layer 115 in the present invention, a 



polyolefin such as PE is preferred due to its low cost, rela- 
tively high dielectric constant (2.2-2.4 in pure form), and 
a relatively low dielectric loss such that the antenna has a 
higher efficiency as a result of design considerations. 

[0024] Historically polymer plastics have been shunned as a di- 
electric layer 115 in antennas. The petroleum stock uti- 
lized to manufacture polymer plastics as well as manufac- 
turing techniques and processes generally produce a very 
smooth, somewhat oily surface making it difficult if not 
impossible to find cost effective ways to durably adhere 
the metallic radiating element 112 and ground plate 117 
to the respective surfaces of the polymer plastic. Simply 
gluing metal to polymer plastic generally fails to produce 
a durable bond. Even if screws are utilized to fix the as- 
semblies, the screws will affect the performance of the 
antenna and the effect must be taken into account in the 
course of design. The screws complicate the design and 
increase the cost. 

[0025] The present invention overcomes this drawback through 
the application of special adhesive layers 119 between the 
radiating element 112 and the dielectric layer 115 and be- 
tween the ground plate 117 and the dielectric layer 115. 
Although another embodiment of the present invention 



may utilize different adhesive layers, it is preferred that 
the special adhesive layers 119 comprise double sided 
tape, which provides firm adhesion, very low cost, and 
simple assembly. It is not important to the invention 
whether the adhesive layers 119 are respectively applied 
to the dielectric layer 115 or the metallic layers 112, 117 
first. What is important is that the adhesive layers 119 
form a tight bond firmly holding the radiating element 

112 to atop surface of the dielectric layer 115 and the 
ground plate 117 to a bottom surface of the dielectric 
layer 115. 

[0026] As shown in Figs. 2-4, during assembly, a conductor pin 

113 is attached to the radiating element 112 and extends 
through holes in the adhesive layers 119, the dielectric 
layer 115, and the ground plate 117. Whether or not the 
conductor pin 113 extends through the radiating element 
112 is subject to design considerations, but may make 
assembly easier. Soldering makes the attachment of the 
conductor pin 113 to the radiating element 112 inexpen- 
sive and practical. Once the cited components 112, 113, 
115, 117, and 119 have been assembled as shown in 
Figs. 2-4, additional pressure may be applied to compress 
and tightly adhere together the respective components of 



the antenna 100. 

[0027] Although the antenna 100 provides reasonable durability 
for most applications and environments, tests have indi- 
cated that unusually cold environments (generally, sub- 
freezing temperatures) substantially reduce the strength 
of the adhesive bond formed by the adhesive layers 119 
and allow the antenna 100 to come apart if bumped 
forcefully enough. When separation does occur, one side 
of one of the adhesive layers 119 generally separates from 
the polymer plastic dielectric layer 115 due to the inability 
of the adhesive layer 119 to maintain a tight bond with 
the smooth, oily surface of the dielectric layer at low tem- 
peratures. A solution to this potential problem is dis- 
closed in Fig. 5, which illustrates a second major embodi- 
ment of the present invention. 

[0028] The patch antenna 200 shown in Fig. 5 comprises the 

same radiating element 112, adhesive layers 119, dielec- 
tric layer 115, ground plate 117, and conductor pin 113 
as does the antenna 100 of Figs. 2-4. Functionality of the 
correspondingly numbered components and assembly of 
the patch antenna 200 is substantially the same as for the 
patch antenna 100. The obvious difference from the an- 
tenna 100 is that the antenna 200 further comprises a 



priming layer 205 respectively between the dielectric layer 
115 and each adhesive layer 119. 

[0029] The priming layers 205 preferably are a form of a poly- 
meric surfactant applied to the top and the bottom sur- 
faces of the dielectric layer 115 before the adhesive layers 
119 are adhered to the primed top and bottom surfaces of 
the dielectric layer 115. The polymeric surfactants priming 
layers 205 effectively roughen and prepare the surfaces of 
the dielectric layer 115 for better adhesion to the adhesive 
layers 119 in cold temperature environments as well as in 
what are commonly considered normal operating condi- 
tions. Any method of application may be acceptable, but 
applying the priming layers 205 onto the top and the bot- 
tom surfaces of the dielectric layer 115 by brush or a 
spraying process the yields the best results. 

[0030] Turning now to Fig. 6, another embodiment of the present 
invention is disclosed. The patch antenna 300 comprises 
the same radiating element 112, adhesive layers 119, di- 
electric layer 115, ground plate 117, conductor pin 113, 
and priming layers 205 as does the antenna 200 of Fig. 5. 
Functionality of the correspondingly numbered compo- 
nents and assembly of the patch antenna 300 is substan- 
tially the same as for the patch antenna 200. However, the 



patch antenna 300 further enjoys the addition of a low 
noise amplifier 210 integrated with the antenna 300 by 
means of sharing a common ground plate 117 and the 
amplifier's 210 signal trace is connecting to the radiating 
element via the conductor pin 113. The low noise ampli- 
fier 210 is utilized to amplify signals sent to or from the 
patch antenna 300. Fig. 6 includes side views of the an- 
tenna 300 in both an expanded and in an assembled per- 
spective to permit easy understanding of the claimed 
structure. 

[0031] please refer now to Fig. 7, which is a flow chart directing 
assembly of the present invention. Obviously, the specific 
order of steps during assembly may be rearranged with- 
out departing from the spirit of the invention. 

[0032] step 400: The adhesive layer is applied to both the radiat- 
ing element and the ground plate. Normally, the adhesive 
material is double sided tape, preferably but not neces- 
sarily cellophane double sided tape. 

[0033] step 410: The priming layers are applied to the top and 
bottom surfaces of the dielectric layer. Normally, the step 
includes applying polymeric surfactants to the two cited 
surfaces of a polymer plastic, possibly PE. 

[0034] step 420: The radiating element is fixed to the dielectric 



layer by compressing the adhesive layer applied to the ra- 
diating element between the radiating element and the 
priming layer applied to the top surface of the dielectric 
layer. 

[0035] step 430: The ground plate is fixed to the dielectric layer 
by compressing the adhesive layer applied to the ground 
plate between the ground plate and the priming layer ap- 
plied to the bottom surface of the dielectric layer. 

[0036] step 440: The conductor pin is electrically connected from 
the radiating element to the low noise amplifier, passing 
through openings in the adhesive layers, the priming lay- 
ers, the dielectric layer, and the ground plate. 

[0037] it i S to be understood that strictly speaking, the integra- 
tion of the low noise amplifier into the patch antenna of 
the present invention is preferable but may not be abso- 
lutely necessary for proper functionality of the antenna, 
depending upon signal strength and other components 
utilized in the operation of the antenna. 

[0038] | n contrast to patch antennas of the prior art, the present 
invention uses a polymer plastic primed with the applica- 
tion of polymeric surfactants to provide improved adhe- 
sion of the respective components after assembly. The 
present invention antenna is assembled utilizing priming 



layers comprising the polymeric surfactants applied to two 
sides of the dielectric layer and an adhesive layer, possibly 
double sided tape, located between the priming layers and 
the radiating element and the ground plate respectively. A 
low noise amplifier may be integrated with the antenna by 
connecting their ground plates together and electrically 
connecting the amplifier's signal trace to the radiating el- 
ement via a conductor pin. As a result, the present inven- 
tion provides a reasonable sized antenna, at a reduced 
cost, and with increased durability over the prior art. 
[0039] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



